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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to short-range RF networks and, more particularly, to 
dynamic configuration of nodes in short range RF networks. 

2. Cross-Reference to Related Applications 

This application is related to application 09/614,508, filed July 11, 2000, and assigned to 
common assignee herewith. 

3. Description of the Related Art 

The availability of various types of communication devices produces a need to have these 
devices interact with each other in a manner which is cost efficient and which can be easily 
implemented. Such communication can occur between two or more terminal devices 216 (e.g. 
telephones, computers, printers, facsimile machines, personal digital assistants (PDAs), etc.) by 
wired connection such as by connecting electrical conductors to the devices, or by wireless 
communication using infrared signals or wireless frequency (RF) signals. For many applications, 
RF signals are preferred as they do not require line-of-sight interaction between a transmitter and 
a receiver of a terminal device pair. 

Recently, low power RF systems have been proposed for providing communications 
between a plurality of transceivers through a short range link having a broadcast range of several 
meters. One such local RF system is currently under development and is referred to as 
"Bluetooth" . This system will be commercially available in the near future and is designed to 
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operate in the open spectrum, (around 2.4 gigahertz). The Bluetooth system will allow for 
devices such as mobile phones, computers, and other types of terminal devices 216 which are 
located within an operable range of the RF system to communicate with each other. 

Wireless relay networks also exist which, in effect, extend an operating range of a local 
RF system by utilizing relay devices to interface with and provide communication between two or 
more terminal devices 216. Such a network is disclosed in PCT Application No. WO 98/17032 
wherein a plurality of communication nodes are wirelessly connected to each other and to a host 
device for providing numerous communication links for data to be communicated between the 
host and terminal devices 216 interfaced with the nodes. A drawback of such a system, however, 
is that it requires manual entry of configuration information when the complement of relay 
devices is established or altered. Another drawback of such a system is that a foreign relay device 
can insinuate itself into a network. 
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SUMMARY OF THE INVENTION 

To overcome limitations in the prior art described above, and to overcome other 
limitations that will be apparent upon reading and understanding the present specification, the 
present invention is directed to a short range RF network having routing capabilities for 
communicating data between one or more terminal devices and/or one or more hosts among a 
select one of a plurality of communication paths. The inventive network includes a plurality of 
wireless transceiver nodes and one or more host devices, each equipped with a data storage 
device, also called a data store or a memory unit. To initialize the network, the host's data store 
is loaded with data identifying each of the nodes. The host then pages the nodes using their 
identification data. Although some nodes may be outside the range of the host, those that are 
within range will answer and establish communication with the host. Those nodes within range of 
the host then receive the list of identifications of all of the nodes, and store the list in their data 
stores. Those nodes then page the other nodes to find some of the nodes beyond the range of the 
host but within their own range. In successive iterations of the process, all nodes are found and 
linked into the network. All node-to-node paths are identified. 

One embodiment of the invention is a method of configuring an RF network, the network 
comprising at least two nodes, each having a controller, a data store, and at least one transceiver 
for communicating with other nodes, each transceiver having a unique identifier. The method 
comprises the steps of: (a) assigning a predetermined value to a variable n; (b) selecting one 
certain of the nodes and associating it with the value of n; (c) paging all other nodes from a node 
associated with the value of n; (d) in a node associated with the value of n, noting nodes which 
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reply to paging and associating them with the value of (n+1); (e) making all nodes associated 
with the value of n or with lower values unresponsive to paging; (f) incrementing the value of n; 
and (g) repeating steps (c) through (f) until no nodes reply to paging; whereby nodes beyond 
transmission range of other nodes but within transmission range of intermediate nodes become 
known to said other nodes and become accessible to said other nodes by relaying through said 
intermediate nodes. 

Another embodiment of the invention is a method of configuring an RF network, the 
network comprising a plurality of network nodes for communicating with other nodes, each 
having a controller unit and a data store, the method comprising the steps of: a) storing 
identifiers of all nodes on the network in a data store accessible to at least one node; b) paging 
from the at least one node other nodes; c) detecting other nodes within the coverage area of the at 
least one node by receiving responses of said detected nodes to paging; d) updating information 
regarding said detected nodes according to the received responses of said detected nodes to 
paging; e) associating said detected nodes with a first value of a dynamic variable, the value of 
the dynamic variable depending on the placement of each said detected node in the network; and 
f) propagating the updated information to said detected nodes in the network. 

Another embodiment of the invention is a self-configuring RF network comprising: a 
plurality of nodes for communicating wirelessly with other nodes of the RF network, wherein at 
least one of the nodes is selected as a control node, each node including: a control logic; a data 
store connected to the control logic; at least one transceiver connected to the control logic and 
identified by a unique address for communicating wirelessly with other nodes of the network; a 
transceiver list database connected to the data store for storing updateable information of all 
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transceivers of the RF network for network configuration; and a dynamic variable linked to the 
transceiver list database for indicating position of each node in the RF network relative to the 
control node. 

Another embodiment of the invention is a node for use in a self-configuring RF network, 
comprising: a backbone transceiver identified by a unique address and associated with a 
password, for communicating with other nodes of the network; and control logic configured to 
detect when the backbone transceiver receives a paging message directed to its unique address, 
and in response, to direct that: a password received in the paging message be verified as the 
password associated with the backbone transceiver; a node transceiver list received in the paging 
message, containing addresses and passwords of other nodes in the network, be received and 
stored; a value "n" of a dynamic variable received in the paging message be received and stored; 
and the node becomes unresponsive to further paging messages. 

Another embodiment of the invention is a self-configuring RF network comprising: a 
plurality of nodes for communicating wirelessly with other nodes of the RF network, wherein at 
least one of the nodes is selected as a control node, each node including: a control logic; a data 
store connected to the control logic; at least one transceiver connected to the control logic 
identified by a unique address for communicating wirelessly with other nodes of the network 
either directly or through one or more relay nodes; and software means operative on the control 
logic for: maintaining in the data store a transceiver list database containing updateable 
information of all transceivers of the RF network for network configuration; indicating, with a 
dynamic variable linked to the transceiver list database, position of each node in the RF network 
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in relation to the control node; periodically communicating wirelessly among the nodes of the RF 
network for exchanging updated configuration information and dynamic variable information; and 
updating current network configuration information and dynamic variable information within the 
data store. 

Another embodiment of the invention is a method of configuring an RF network, the 
method comprising the steps of: electronically maintaining, for network configuration, a 
transceiver list database containing updateable information regarding all transceivers of the RF 
network; indicating position of each node in RF network in relation to a control node with a 
dynamic variable linked to the transceiver list database; periodically communicating wirelessly 
between nodes of the RF network for exchanging updated configuration information and dynamic 
variable information; and updating current network configuration information and dynamic 
variable information within the transceiver list database. 

Other objects and features of the present invention will become apparent from the 
following detailed description considered in conjunction with the accompanying drawings. It is 
to be understood, however, that the drawings are designed solely for purposes of illustration 
and not as a definition of the limits of the invention, for which reference should be made to the 
appended claims. It should be further understood that the drawings are not necessarily drawn 
to scale and that, unless otherwise indicated, they are merely intended to conceptually illustrate 
the structures and procedures described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, wherein like reference numerals denote similar elements throughout the 
several views: 

Figs. 1A and IB are block diagrams of short-range RF relay devices for use with one 
embodiment of the present invention; 

Fig. 2 is a block diagram of a short-range RF network according to one embodiment of 
the present invention; 

Fig. 3 illustrates reading a wireless-frequency identification tag associated with each RF 
relay device according to one embodiment of the present invention; 

Fig. 4 shows physical positions and RF coverage areas for the embodiment which is 
block-diagrammed in Fig. 2. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

In the following description of the various embodiments, reference is made to the 
accompanying drawings which form a part hereof, and in which is shown by way of illustration 
various embodiments in which the invention may be practiced. It is to be understood that other 
embodiments may be utilized and structural and functional modifications may be made without 
departing from the scope of the present invention. 

Fig. 1 is a block diagram of a short-range radio-frequency (RF) relay device 100 for use 
as a node in a short-range RF network according to one embodiment of the present invention. 
Each node 100 is equipped with at least one RF communication circuit. In one embodiment, the 
RF communication circuits are integrated-circuit chips conforming to the Bluetooth (BT) 
specification. Every node 100 is equipped with a chip 102 which, by means to be described 
below, becomes a slave (S). A slave chip receives and responds to paging messages from a 
network host node or from other nodes 100. In a present embodiment, the paging messages do 
not necessarily conform to the standards set forth in the Bluetooth specification. A node 100 may 
also be equipped with a second chip 104 to serve as a master (M), which may page other nodes 
100. Chips 102 and 104 enable a node 100 to be a node on a network backbone. The allocation 
shown in Fig. 1 of chip 102 as slave and chip 104 as master is merely exemplary. The 
determination of which functions as the slave and which as the master is made at the time of 
initializing the network, to be discussed further below. In an alternative embodiment, a single 
chip may participate in two networks in a multiplex manner, sometimes functioning in one 
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"piconet" and sometimes in the other. The composite of the two or more piconets is known as a 
"scatternet". 

Chip 106 is included in a node 100 as a client interface (CI) for communicating with user 
terminal devices. In an alternative embodiment, one or more of the network backbone chips may 
function as the client interface using the previously mentioned multiplexing technique. Most 
nodes 100 are equipped with a chip 106, although a node that is not so equipped may still be part 
of the backbone of a network 100, relaying messages to and from other nodes 100 in a network. 
A node 100 is also equipped with a data store 108 where electronic data can be stored. Many 
forms of storage are known to those in the art, such as electronic RAM, disk drives, etc. In a 
present embodiment, data store 108 contains software 120, transceiver list 122, a variable "n" 
124, routing table 126, and load information 128. A node 100 also includes control logic 130, 
which may be directed at least in part by software 120. 

Fig. IB is a block diagram of a short-range RF device 204 for use as a host node 
according to one embodiment of the present invention. It includes a data store 206, analogous to 
data store 108 of relay device 100. Control logic 230 is analogous to control logic 130 of device 
100. Other features of host 204 will be discussed in connection with the ensuing discussion of 
Fig. 2. 

The overall purpose of a network according to the present invention is to enable a plurality 
of users with terminal devices (e.g., mobile phones) to communicate with a host computer or with 
one another. The coverage area of a short-range RF chip is typically in the range of 5 to 100 
meters. To allow users to communicate while roaming through a distance larger than the 
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coverage area of a single node, networks typically provide a number of nodes deployed so that 
their coverage areas overlap. 

Fig. 2 is a block diagram of one embodiment of the invention, a short-range RF network 
200 employing a network host 204 and four nodes 100 (denoted 100-1 through 100-4). Those in 
the art realize that the host is also a node on the network, but is called by the name "host" because 
of its special role. This network 200 is exemplary, and nothing inherent in the invention 
constrains a network 200 to four nodes or to the particular configuration shown in Fig. 2. The 
number of nodes 100 is determined according to the coverage area of each node 100 and the total 
coverage area to be covered by the network 200. Network host 204 is equipped with at least one 
short-range RF communication circuit 208 which in this embodiment is a Bluetooth chip and is a 
master in that it may initiate pages to nodes 100. Network host 204 is also equipped with a LAN 
interface 210 and is thereby in communication with LAN 202. Other entities may communicate 
with network host 204 through LAN 202, including Internet 214. Network host 204 includes data 
store 206, which may be any data storage means such as electronic RAM or a disk drive. 
Contained in data store 206 are software 220, transceiver list 222, variable "n" 224, routing table 
226, and load information 228. Host 204 and nodes 100 also each include control logic 230 and 
130 respectively for controlling and coordinating actions according to predetermined logical rules 
represented in firmware or software including software 220, as is known in the art. 

In this embodiment, network host 204 is also equipped with radio-frequency identification 
tag (RFID tag) reader 212. According to the present invention RFID tag reader 212 is used to 
read information which will be used to identify the backbone communication chips 102, 104 in 
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nodes 100 which belong to the network 200, and conversely to exclude nodes which do not 
belong to the network 200. In alternative embodiments, other types of readers may be used, such 
as barcode readers. Tag reader 212 may be permanently wired to network host 204 or 
alternatively may be detachable from network host 204 for security reasons or so that it may be 
used with other network hosts. The system may be used without a tag reader 212, in which case 
the identification information can be manually input through a keyboard (not shown) or read from 
some other media (not shown) such as floppy disk. 

According to the present embodiment, provided with each RF chip 102 and 104 of each 
node 100 is an RFID tag 1 10, one embodiment of which is shown in Fig. 3. Means are known in 
the art for reading information from such a tag without any need to provide the tag with a power 
source or radio-frequency energy source. Typically, such a tag includes a patch antenna which, 
when subjected to an RF field of a frequency at which it is resonant, reflects information hard- 
coded within it. The patch antenna may be of a foil material so that the tag 1 10 may be virtually 
paper-thin, or alternatively tag 110 may include a bar code or other scannable print and/or a 
magnetic strip and reader 212 incorporates appropriate means for reading the tag, such as a bar 
code reader, an optical character reader, or a magnetic strip reader. In the present embodiment, 
with further reference to Fig. 3, reader 212 includes an RF transmitter of sufficiently low power 
that no sensible reflection is obtained from a tag 1 10 unless the tag 1 10 is within a distance of one 
meter. Reader 212 also includes a receiver for reading the data on or incorporated into tag 110. 
The data coded in the tag 110 may include, for purposes of the present invention, the Bluetooth 
ID number of the Bluetooth chip with which the tag 110 is associated and a temporary password 
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known to the Bluetooth chip. The tag 110 may contain additional information pertaining to its 
associated chip, such as the chip's serial number. According to the present invention, at least the 
Bluetooth ID number and the password for each chip 102 and each chip 104 are stored in node 
transceiver list 222 of network host 204. 

To ready a new network for operation, after physically mounting the nodes 100 in their 
intended positions, the tags 110 are presented to reader 212, and all the resultant ID numbers and 
passwords are stored in node transceiver list 222. Host 204 then pages the stored ID numbers. In 
a typical network (covering an area larger than the coverage area of any one RF chip), not all the 
paged chips will be within range of the page from host 204. Thus, only the paged chips within 
the coverage area of the host 204 will respond. In the exemplary network of Fig. 2, nodes 100-1 
and 100-2 are within the coverage area of chip 208 in host 204, and nodes 100-3 and 100-4 are 
not. Nodes 100-1 and 100-2 are thus primary nodes and will respond to the page from the host 
204. It is further supposed that node 100-3 is within range of node 100-1 and that node 100^- is 
within range of node 100-2. Nodes 100-3 and 100-4, being within the range of primary nodes 
100-1 and 100-2 respectively, are thus secondary nodes. Other networks may be contemplated 
which include tertiary nodes, and so forth. In practice, host 204 should be located as centrally as 
possible among nodes 100 to maximize the number of nodes that are primary nodes. There will 
thus be fewer nodes that must communicate with the host by relaying through other nodes, and 
the overall speed of the system is thus increased. 

Figs. 4A - 4F depict the physical arrangement of the exemplary network block- 
diagrammed in Fig. 2. Locations of host 204 and satellites 100-1 through 100-4 are shown in 
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each of Fig. 4A through 4F. Fig. 4A shows the RF coverage areas of host 204 and the four said 
satellites. Fig 4B shows only the coverage area of host 204; Fig. 4C, satellite 100-1; Fig. 4D, 
satellite 100-2; Fig. 4E, satellite 100-3; Fig. 4F shows only the coverage area of satellite 100-4. 

The RFID tags 1 10 for the eight chips 102 and 104 in the exemplary network 200 might 
have been presented to tag reader 212 in any order, so the ID's and corresponding passwords may 
appear in storage 206 in any order, and thus chips may be paged in any order. An order is 
arbitrarily assumed here for purposes of example, and is shown in Table 1. 

ID &PW for Chip 

104-4 

102-2 

104-1 

104-2 

104-3 

102-3 

102-1 

102-4 

Table 1 

Host 204 pages the chips in the order in which they appear in node transceiver list 222, 
i.e. , the order given in Table 1. Information garnered as a result is incorporated into the node 
transceiver list 222 as shown in Table 2. Table 2 includes an additional column headed "(Path 
Identified)"; this is provided for correlation, for reference purposes, with paths shown in Fig. 2 
and does not represent any actual contents of node transceiver list 222. 

The first chip identified in node transceiver list 222 is chip 104-4 (chip 104 of node 100- 
4). Chip 104-4 is paged, but since node 100-4 is out of range of host 204 in the present example, 
no answer is received and there is no entry made in node transceiver list 222. 
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The next chip paged is chip 102-2. Node 100-2 is within range, so chip 102-2 answers, 
and by virtue of being the first chip within node 100-2 to answer a page, chip 102-2 is identified 
as the slave chip within node 100-2, and conversely chip 104-2 is designated the master within 
node 100-2. (Had the aforementioned tags 110 been presented to reader 212 in a different order 
so that chip 104-2 was the first chip paged within node 100-2, then chip 104-2 would have been 
designated the slave and 102-2 the master.) Host 204 then forwards to slave chip 102-2 the 
password for chip 102-2. Chip 102-2 will not proceed until receiving a valid password. This 
prevents chip 102-2 from becoming the slave of a pirate host that paged its ID, perhaps as part of 
a scheme of trying all possible ID's. Slave chip 102-2 reports the ID of chip 104-2 to host 204, 
signaling that chip 104-2 is co-resident with it in node 100-2 and that 104-2 is the master. This 
information regarding the presence of the two chips in node 100-2 and their designation as slave 
and master is recorded in node transceiver list 222 as shown in Table 2. It is also recorded in 
node transceiver list 222 that slave 102-2 is one "hop" from the host. Table 2 shows that path 501 
(Fig. 2) has been identified, but as noted, this is shown in Table 2 for reference and does not 
represent any actual content of node transceiver list 222. 

The next chip paged is chip 104-1. Since node 100-1 is within range of host 204 in the 
present example, chip 104-1 answers, is designated the slave in node 100-1, receives and verifies 
its password, and reports the ID of chip 102-1 as the master chip in node 100-1. This information 
is also recorded in node transceiver list 222, as shown in Table 2. 



ID & PW for Chip 


Slave/Master 


Hops to Host 


(Path Identified) 


104-4 








102-2 


S 


1 


501 


104-1 


S 


1 


502 
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104-2 


M 






104-3 








102-3 








102-1 


M 






102-4 









Table 2 



The next chip ID appearing in node transceiver list 222 is that of chip 104-2. Since that 
chip is already known to be a master, it is not paged by host 204. (Alternatively, it may be 
paged, but it will not answer because it is designated to be a master and thus does not answer 
pages.) There is thus no change to the contents of node transceiver list 222. 

The next chips paged are 104-3 and 102-3. Since node 100-3 is out of range of host 204 
in the present example, neither answers and there is no change to the contents of node transceiver 
list 222. 

The next chip identified in node transceiver list 222 is chip 102-1, already identified as a 
master. The final chip identified is 102-4, out of range. Thus, after host 204 has processed the 
list of ID's in node transceiver list 222, the contents are as depicted in Table 2. 

The contents of node transceiver list 222, and the ID of chip 208 in host 204, are now 
forwarded to data stores 108-1 and 108-2 in nodes 100-1 and 100-2 respectively. Nodes 100-1 
and 100-2 now begin to page chips, and chip 208 goes into a mode of not answering pages. Table 
3 shows the contents of data store 108-1, including additional information to be garnered by 
paging from node 100-1. (Paging from node 100-2 will be discussed in connection with Table 4.) 

The first node ID encountered is the ID of chip 102-2. Although 102-2 is already known 
to the host, node 100-1 pages it and receives an answer, identifying path 503. In some 
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embodiments, an indication of this path's existence is stored in another portion of data store 108-1 
not shown in Table 3. 

The next ID encountered is that of chip 104-1. This is recognized by node 100-1 as being 
one of its own chips, and it is not paged. The next ID encountered is that of chip 104-2, already 
known to be a master. Next is chip 104-3 which is paged, answers, receives and verifies its 
password, is designated the slave within node 100-3, and reports the ID of chip 102-3 which is 
thus the master within node 100-3. Data store 108-1 is updated accordingly, as shown in Table 3. 
Table 3 now shows that chip 104-3 's Hops-to-Host value is 2. Table 3 also shows that path 504 is 
identified. 

Next encountered is the ID of chip 102-3, just identified as a master. Next is the ID of 
102-1, recognized in node 100-1 as being one of its own chips and not paged. Finally, the ID of 
chip 102-4 is encountered. Chip 102-4 is paged, but is out of range and does not answer. Data 
store 108-1 has the contents shown in Table 3. 
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ID & PW for Chin 


Slave/Master 


Hods to Host 


(Path Identified) 


208 


n/a 


n/a 


n/a 


104-4 








102-2 


S 


1 


503 


104-1 


S 


1 




104-2 


M 






104-3 


S 


2 


504 


102-3 


M 






102-1 


M 






102-4 









Table 3 



Meanwhile, node 100-2 is also paging chips according to the information in its data store 
108-2, which started off with a copy of the data shown in Table 2. Results of paging are 
tabulated in Table 4. Paging host chip 208 has no effect since the host is not answering pages at 
this time. Chip 104-4 answers, receives and verifies its password, is designated the slave within 
node 100-4, and reports the ID of chip 102-4 which is thus the master within node 100-4. Data 
store 108-2 is updated accordingly, as shown in Table 4. Table 4 shows that chip 104-4's Hops- 
to-Host count is 2. Table 4 also shows that path 505 is identified. 

The next ID encountered is that of chip 102-2, recognized as one of node 100-2' s own 
chips and not paged. Next is chip 104-1, which answers, thus identifying path 506. Chip 104-2 
is recognized as one of node 100-2* s own chips and is not paged. Chips 104-3 and 102-3 are both 
out of range and do not answer. Chip 102-1 and 102-4 are already identified as masters. The 
state of data store 108-2 is now as shown in Table 4. 
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TD Rr PW fnr Phin 

A-L^ oc r vv i or i^xiip 


Slave/Master 


TT j. T T j 

Hods to Host 


(Path Identified) 




n/a 


n/a 


n/a 


104-4 


s 


9 


jUj 


102-2 


S 


1 




104-1 


S 


1 


506 


104-2 


M 






104-3 








102-3 








102-1 


M 






102-4 


M 







Table 4 



The information garnered by paging chips from nodes 100-1 and 100-2 is reported back to 
host 204 and is used to update node transceiver list 222, which then has contents as shown in 
Table 5. 



ID & PW for Chip 


Slave/Master 


Hops to Host 


(Path Identified) 


208 


n/a 


n/a 


n/a 


104-4 


S 


2 




102-2 


s 


1 




104-1 


s 


1 




104-2 


M 






104-3 


s 


2 




102-3 


M 






102-1 


M 






102-4 


M 







Table 5 



The contents of node transceiver list 222 are then forwarded to data stores 108-1, 108-2, 
108-3, and 108-4. Host chip 208 continues in the mode of not answering pages, nodes 100-1 and 
100-2 to go into the mode of not answering pages, and nodes 100-3 and 100-4 begin to page 
nodes. This would find tertiary nodes, although in the network 200 of the present example there 
are no tertiary nodes to be found, so the paging will not be discussed chip by chip. When node 
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100-3 pages chip 104-4, path 507 is identified; when node 100-4 pages chip 104-3, path 508 is 
identified. 

The exemplary network 200 has but one host 204 , but those in the art appreciate that the 
scheme described works with a plurality of hosts 204. 

After initializing the network 200, the nodes 100 periodically exchange load information 
for such purposes as deterrrrrning optimum routings, as discussed in the aforementioned related 
patent application. In one embodiment, load information of a node is specified as a decimal value 
from 0 to 1 of the traffic capacity of the node. In the event that a node has failed or has been 
moved, it may appear to some or all of the other nodes that the failed or moved node does not 
send load information when due, or does not respond to messages or pages. This is detected as 
discussed in the related patent application, and reported to host 204, which instructs all remaining 
nodes to recheck all connections and recalculate their "hops to host" . In the event of a moved 
node, this will result in reconfiguring the network for the new arrangement of nodes. In the event 
of a failed node, the failed node will not respond, whereupon the host alerts maintenance 
personnel in some predetermined manner. 

To add a new node 100 to an initiated network 200, the new node is mounted and 
powered up, and the RFID tags of its chips 102 and 104 are presented to RFID tag reader 212. 
The IDs and passwords thus read are added to the list in node transceiver list 222, from where 
they are passed to the data stores 108 of the initialized nodes 100. The host 204 pages the new 
node for a predetermined time, then informs the initialized nodes to page the new node. Each 
time the new node answers a page, data store 108 of the paging node is updated accordingly. All 
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such updates are passed back to host 204, reflecting the links formed with the new node. After 
that, the host updates the tables of all the nodes of the network to reflect the role of the Bluetooth 
chips and "hops to host" of the new node. 

Thus, while there have been shown and described and pointed out fundamental novel 
features of the invention as applied to a preferred embodiment thereof, it will be understood 
that various omissions and substitutions and changes in the form and details of the devices 
illustrated, and in their operation, may be made by those skilled in the art without departing 
from the spirit of the invention. For example, it is expressly intended that all combinations of 
those elements and/or method steps which perform substantially the same function in 
substantially the same way to achieve the same results are within the scope of the invention. 
Moreover, it should be recognized that structures and/or elements and/or method steps shown 
and/or described in connection with any disclosed form or embodiment of the invention may be 
incorporated in any other disclosed or described or suggested form or embodiment as a general 
matter of design choice. It is the intention, therefore, to be limited only as indicated by the 
scope of the claims appended hereto. 
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